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GLOSSARY

Anatomical Abbreviations

aa anguloarticular (compound) hsV15 hemal spine of fifteenth centrum pi posterolateral latero-sensory ca-

abf abductor fossa hy hyomandibula nal

ads adipose-fm spine hyp hypurals pmx premaxilla

af articular facet for rib on V6 ib infrapharyngobranchial pop preopercle

afcb accessory flange of first cerato- ih interhyal pope preopercular latero-sensory ca-

branchial ioc infraorbital canal nal

afeb accessory flange of first epibran- iol-io6 infraorbitals 1 through 6 pr prootic

chial le lateral ethmoid prf prootic foramina

ah anterohyal Ipt lateropterygium prx proximal radial

ape levator arcus palatini crest md mandibularis dorsal foramen ps parasphenoid

apV7 anterior process of seventh cen- (inner) for entry of facial nerve ptc pterygoid channel

trum me mesethmoid pts pterosphenoid

bb basibranchial mn foramen (outer) for exit of man- pt-sc pterotic-supracleithrum (com-

bl Baudelot’s ligament dibular branch of facial nerve pound)

bo basioccipital mpt metapterygoid q quadrate

bpt basipterygium mptc articular condyle to metaptery- rV6 rib of sixth centrum

br branchiostegal goid shpp secondary hypurapophysis

cb ceratobranchial mptf articular facet of metapterygoid so supraoccipital

cc Weberian-complex centra to lateral ethmoid sp sphenotic

cl cleithrum mx maxilla spop suprapreopercle

cn cleithral notch of pterotic-supra- n nasal spl first dorsal-fin spinelet

cleithrum np nuchal plate sp2 second (defensive) dorsal-fin

CO coracoid ns neural spine spine

d dentary nsV6 neural spine of sixth centrum tc temporal latero-sensory canal

dr distal radial op opercle tvpr transverse process

eb epibranchial os orbitosphenoid uh urohyal

ep epural pi + sn fused first dorsal-fin pterygio- un uroneural

ex exoccipital phore and supraneural upj upper pharyngeal tooth plate

f frontal p2 proximal radial, second dorsal- VII foramen for truncus hyomandi-

fma foramen for passage of afferent fin pterygiophore bularis nerve

mandibular artery pal palatine V6, sixth, tenth vertebral centrum.

ftf+fop compound trigeminofacialis and pals palatine splint VIO, etc.

optic nerve foramen pas pre-adipose scute etc.

hb hypobranchial per procurrent caudal-fin rays vo vomer

hf hyomandibula articular facet pf articular facet for palatine vpcc ventral process of Weberian-

hh hypohyal pfr pectoral-fin radials complex centrum

hpp hypurapophysis ph posterohyal wc Weberian capsule

hs hemal spine
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OSTEOLOGYOFHYPOSTOMUSPLECOSTOMUS(LINNAEUS),

WITH A PHYLOGENETICANALYSIS OFTHELORICARIID
SUBFAMILIES (PISCES: SILUROIDEI)

Scott A. Schaefer*'^

ABSTRACT. The skeletal anatomy of Hypostomus plecostomus

(Linnaeus) is described. Details of the osteology of H. plecostomus

are compared to homologous features in other Loricariidae and out-

group siluroids as the foundation for a phylogenetic analysis of the

six loricariid subfamilies (Ancistrinae. Hypoptopomatinae, Hypo-

stominae, Lithogeninae, Loricariinae, Neoplecostominae). Hyposto-

mus plecostomus is shown to possess a mosaic of both primitive and

derived features, although no uniquely derived characters were found

which diagnose either Hypostomus or the subfamily Hypostominae.

The Loricariidae is diagnosed as monophyletic on the basis of 16

synapomorphies. Numerical cladistic analysis using PAUP(Phylo-

genetic Analysis Using Parsimony) revealed the following pattern of

relationship:

((Hypoptopomatinae) ((Loricariinae)(Ancistrinae + Hypostominae)))

Representatives of the Neoplecostominae and Lithogeninae were not

included in the numerical analysis; their phylogenetic relationships

were inferred a posteriori. Four characters diagnose the clade com-

posed of the Loricariinae, Hypostominae, and Ancistrinae. Eight

characters diagnose the genera assigned to the Hypostominae +

Ancistrinae as monophyletic. Evidence for monophyly of the An-

cistrinae is presented and the consequent paraphyly of the Hypo-

stominae is discussed. The results of this analysis are compared with

previous loricariid classifications.

INTRODUCTION

The Neotropical catfish family Loricariidae is an extremely

diverse group of freshwater fishes, principally characterized

by having the body encased in bony dermal plates and by

the possession of a ventral sucker-like mouth. With more
than 600 described species in 70 genera and six subfamilies

(Isbriicker, 1980), loricariids comprise nearly 24% of all de-

scribed catfishes (over 2200 species total; Nelson, 1984). De-

spite a detailed alpha-level taxonomy (Isbriicker, 1 980), there

have been few attempts at higher taxonomic synthesis of the

family, which can be partially explained by the absence of

any comprehensive anatomical study. Regan (1904) listed

certain osteological features that he considered definitive of

the family and its subgroups. Alexander (1964, 1965), Char-
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don ( 1 968), Lundberg and Baskin ( 1 969), and Howes (1983)

described various aspects of the osteology of selected lori-

cariids in broad comparative surveys, but no loricariid taxa

have been the subject of a thorough description.

Previous contributions to loricariid classification were pro-

vided by Eigenmann and Eigenmann (1890), Regan (1904),

Gosline ( 1 945, 1 947), Boeseman (1971), and Isbriicker ( 1 980).

Isbriicker’s arrangement of taxa is similar to that of Eigen-

mann and Eigenmann (1890), with the exception of separate

subfamily status for the Lithogeninae and Ancistrinae, and

a restricted definition of the Neoplecostominae. The Litho-

geninae is solely represented by the holotype of Lithogenes

villosus (FMNH 52960), while the Neoplecostominae (two

species) are poorly represented in U.S. museum collections.

Loricariid systematics has traditionally been based on ex-

ternal morphology, such as body shape, meristics, propor-

tional differences, coloration, patterns of fin size and place-

ment, and dermal scutation. While of potential value at the

alpha-level, these kinds of characters are of questionable gen-

eral utility in phylogenetic analyses because knowledge con-

cerning their homology and evolutionary polarity is generally

absent. Strauss (1985) has shown that morphometric char-

acters similarly used to delimit species of the callichthyid

genus Corydoras display strong evolutionary allometry and

those that exhibit size-independence are continuous among
species. There is thus a clear need for taxonomic synthesis

within such diverse groups based on phylogenetic informa-

tion drawn from characters in addition to these external fea-

tures.

The purpose of the present report is to provide the first

comprehensive osteological description of a typical loricariid
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and Baskin, 1976; Howes, 1983; Schaefer and Lauder, 1986).

representative, Hypostonius plecostomus. in order to: ( 1) pro-

vide a foundation for discussion of the variations in osteo-

logical features across loricariid genera, (2) clarify conflicting

literature accounts of bone homology and terminology, and

(3) present an anatomical foundation for the phylogenetic

analysis of the loricariid subfamilies.

Loricariids are the dominant component within the more
inclusive monophyletic Neotropical loricarioid catfishes

(Baskin, 1972; Howes, 1983; Schaefer and Lauder, 1986).

The loricarioid clade represents one of only a few well-doc-

umented monophyletic suprafamilial groups among the 31

currently recognized siluroid families, including over 1 100

species exhibiting diverse morphologies, and occupying a

variety of Neotropical habitats. Schaefer and Lauder (1986)

presented functional morphological evidence in support of

the phylogeny of Baskin (1972) for the Loricarioidea (Fig.

1), but suggested that the Scoloplacidae be excluded from the

Loricariidae. The phylogenetic relationships of the

Scoloplacidae are poorly known and, therefore, while con-

sidered a member of the loricarioid clade, this taxon is not

placed on the loricarioid cladogram. The cladistic arrange-

ment of loricarioid families (Fig. 1) is here used as the foun-

dation for the phylogenetic analysis within the Loricariidae.

METHODS

Skeletal preparations were cleared and alcian-alizarin double

stained according to procedures modified from Dingerkus

and Lfhler (1977). Limited examination of connective tissue

and pathways of blood vessels and nerves was achieved by

subsequent specimen immersion in 70% ethanol. The paths

of the cranial latero-sensory canals were determined by in-

jection with India ink. Illustrations were prepared using a

Wild M-5 dissecting microscope with the aid of a camera

lucida. Anatomical illustrations are of Hypostomus plecosto-

nius (RMNH 25463) unless noted otherwise. Muscle no-

menclature follows Winterbottom (1974).

Patterns of evolutionary relationship among taxa were in-

ferred using the methods of phylogenetic systematics (for

reviews see Eldredge and Cracraft, 1980; Wiley, 1981). Taxa

are grouped solely on the basis of shared, derived character-

states. In this study the term “character” is used following

Ghiselin (1984) and refers to homologous features across

taxa, while the term “character-state” refers to the particular

condition of that character in an operational taxonomic unit

(OTU). Other than the initial choice of characters, no a priori

character weighting was employed.

Numerical cladistic analysis was conducted using PAUP
(Phylogenetic Analysis Using Parsimony), version 2.4.0,

written and made available for the IBM microcomputer by

D. Swoffbrd (Illinois Natural History Survey). PAUPwas

used to generate the most parsimonious tree(s) that minimize

the number of homoplastic (reversed or convergent) char-

acter-state changes. Additive multistate character coding was

employed. Polarity among character-states was determined

by outgroup comparison (Stevens, 1980; Farris, 1982; Mad-
dison et ak, 1 984) among loricarioid and other catfishes (Fig.

1 ). Character-states present in callichthyids and astroblepids

were included in the numerical analysis according to Mad-
dison et al. (1984). When (1) outgroup relations are suffi-

ciently resolved initially, (2) the next most closely related

taxon to the sister-taxon of the ingroup is included, and (3)

ancestral states are considered while the ingroup is being

resolved, the procedure of Maddison et al. (1984) ensures

that ingroup trees are globally parsimonious and avoids po-

tential rooting problems resulting from autapomorphic states

in a single outgroup taxon. Characters were designated as

unordered whenever hypotheses of evolutionary transfor-

mation among states could not be made in an objective man-

ner. Unordered characters are treated by the program such

that all possible state changes are equally likely. Characters

not present or unobservable in a given taxon were coded as

missing and were not used in the calculation of branch-lengths

by the program.
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Character analysis was performed on selected represen-

tatives of the six loricariid subfamilies. Because phylogenetic

relationships within the loricariid subfamilies are largely un-

known, it was not possible to rely on the more primitive

members to characterize the subfamilies. The numerical

analysis proceeded in the following manner. A matrix of 30

characters, which included all taxa represented by skeletal

material (see below), was input to the local branch-swapping

routine (Swofford, 1986) of the program. Over 50 equally

parsimonious trees were generated, all of which differed only

in the arrangement of taxa within the subfamilies. A second

character matrix (Table 1) was derived by replacing the gen-

era within each subfamily with a single hypothetical OTU.
The CSPOSSoption (Swofford, 1986) was used to generate

listings of all possible character-states assigned to these an-

cestral nodes. These states were consistent for each node in

the first 50 trees examined. When more than one state was

listed as possible, hypothetical OTUswere assigned the more

ancestral state. The ALLTREESoption (Swofford, 1986) was

used on the reduced data matrix to search among all possible

tree topologies to find the shortest tree(s).

MATERIALS

Material examined is listed below by family, species, cata-

logue number, number of specimens examined, and locality,

cs denotes alizarin material.

Diplomystidae— viedmensis EMNH58004 (

1

cs) Argentina: Rio Colorado; Amphiliidae —R/jrac/ura

scaphrorhynchum EMNH55350 (3, 1 cs) Zaire: Niapu; Ne-

maXogQnyidiaQ—Nematogenys inennis EMNH96108 (1),

96939 (1 cs) Chile: Santiago Market; Trichomycteridae —
Acanthopoma bondi EMNH96623 (5 cs) Ecuador: Rio Napo
at Cola; Henonemus sp. EMNH96624 (2 cs) Ecuador: Rio

Payamino; Pseudostegophiliis nemwus EMNH96625 (1 cs)

Ecuador: Rio Payamino; Trichomycterus oroyae EMNH
41047-52 (6) Peru: La Pampa, Rio Madre de Dios; Tricho-

mycterus sp. EMNH96618 (1 cs) Ecuador: Rio Due; Scol-

oplacidae— Aco/op/fl-v o'/cra UMMZ198967 Paratypes (2 cs)

Bolivia: Rio Itenez; Callichthyidae— Cfl///c/7t/?.V5 callichthys

EMNH50068 (1) Trinidad: San Rafael; Corydoras aeneus

EMNH54832 (3 cs) Brazil: Sapucay; Corydoras paleatus

EMNH69994 (2) Uruguay: Estancia Jeffries; Corydoras

punctatus EMNH69548 (1 cs) Surinam: Brokopondo, Mar-

shall Creek; Decapogon sp. EMNH96940 (2 cs) South Amer-
ica, aquarium specimens; Hoplosterman magdalenae EMNH
84055 ( 1 cs) Colombia: Rio Magdalena drainage; Astroblep-

idat— Astroblepus boidengeri EMNH96626 (2 cs) Ecuador:

Rio Dashino; A. festae EMNH96627 (1 cs) 96941 (1) Ec-

uador: Rio Malo; A. grixalvae EMNH96628 (1 cs) Ecuador:

Rio Napo prov., Rio Machangara; A. longifiUis EMNH70017

(3) Colombia: Monte Redondo; A. simonsii EMNH84655

(1) Peru: Rio Santa basin, Santo Toribio; Loricariidae, An-

cistrinae— AncAb'Jw chagresi EMNH84604 (3 cs) Panama:

Rio Erijolita; A. cirrhosiis UMMZ206085 (5 cs) Paraguay:

Arroyo Corriente; Chaetostoma anomalus USNM121059

(5) Venezuela: Rio Charna; C.fischeri EMNH77308 (10, 1

cs) Colombia: Western Slope; Dolichancistrus atratoensis

USNM263416 ( 1) Colombia: Choco, Rio Ucati; D. cobrensis

UMMZ141941 Paratypes (9, 1 cs) Venezuela: Rio Mara-

caibo basin, Rio Cobre; D. pediculatus CAS 58789 (4, 1 cs)

Colombia: Meta, Villavicences, quebrada Cramalote; Ex-

astilithoxus fimbriatus AWHH56097 (3, 1 cs) Venezuela:

Rio Mawarinuma; Hemiancistrus megacephalus CAS56703

( 1 , 1 cs) Guyana: Amatuk; Lasiancistnis caucamis MCZ35871

(1) Colombia: Upper Cauca River; L. caucamis CAS33478

(2, 1 cs) Colombia: Upper Rio Jaredo; L. mayoloi ANSP
88385 (4) Colombia: Upper Rio Jaredo; Leptoancistrus can-

eui'AUSNM 273716 (1 cs) Panama: San Bias, Rio Chucubti;

L. canensis USNM78301 (8) Panama: Darien, Rio Cana;

Lipopterichthys carrioni MCZ51702 (1, 1 cs) Panama: San

Bias, Rio Chucubuti; Lithoxus bovalli AMNH54961 (8, 1

cs) Surinam: Nickerie dist., pools at Corintijn River; Lith-

oxus lithoides EMNH53094 Paratypes (3 cs) Guyana: Ama-
tuk, Potaro River; Panague purusiensis EMNH96955 (2 cs)

Peru: Rio Santiago at La Poza; Peckoltia niveata CAS6531

(1, 1 cs) Brazil: Rio Negro, Sao Gabriel Rapids; Hypostom-

inae —Cochliodon cochliodon AlASP 144014 (1) Peru: Cuzco,

Rio Madre de Dios, mouth of Rio Carbon; C. cochtiodon

CAS 5103 (1 cs) Brazil: Marajo; Corymbophanes andersoni

AMNH9187 (13, 1 cs) Venezuela: Rio Machango; Hypo-

stomus plecostomus CAS 56704 (2, 1 cs) Guyana: Wismar,

Demarara River; H. plecostomus RMNH25463 (3, 1 cs)

Surinam: Surinam River basin, Compagnie Creek; H. ple-

costomus RMNH18241 (9, 3 cs) Surinam: Saramanca canal

near Paramaribo; Hypostomiis sp. EMNH95560 (1 cs) Bra-

zil: Para, Rio Tocantins; Isorineloricaria spinosissima MCZ
51699 (2, 1 cs) Ecuador: Los Rios, Rio Vinces at Vinces;

Kronichthys sp. CAS32093 ( 1 ) Brazil: Sao Paulo State, San-

tos; Kronichthys heylandi EMNH77313 (2 cs) Brasil: Mor-

retes, Rio Nhundiaquara; Megalancistrus sp. EMNH96959

( 1 cs) Ecuador: Rio Tiputini; Monistiancistrus carachama

ANSP 68654 Holotype Peru: Ucayali River; Pogonopo-

moides parahybae EMNH71338 (2 cs) Brazil: Sao Paulo,

Raiz de Serra; Pterygoplichthys gibbiceps EMNH95576 (1

cs) Brazil: Para, Rio Tapajos; Pterygoplichthys sp. EMNH
96962 (6 cs) aquarium specimens; Pseiidorinelepis genibar-

bus EMNH95570 (1 cs) Brazil: Amazonas, Lago Castro,

Boca do Rio Purus; Rhinelepis agassizi CAS42325 (1) Peru:

Loreto, Yahuas Yacu near Pebas; Hypoptopomatinae— //,v-

poptopoma sp. EMNH96963 (1 cs) Ecuador: Rio Tiputini;

Hypoptopoma sp. EMNH85814 (3 cs) Venezuela: Orinoco

drainage near Biruaca; Hypoptopoma sp. EMNH85826 (4

cs) Venezuela: Rio Aruaca; Microlepidogaster leucofrenatus

EMNH95558 (1 cs) Brazil: Sao Paulo state, Eazenda Poco

Grande Juquia; Otocinclus sp. EMNH84140 (3 cs) Peru:

vicinity Pucallpa; Otocinclus sp. EMNH96964 (3 cs) Ec-

uador: tributary into Rio Tarapuay; Otocinclus sp. CAS567 1 1

(9) Brazil: Goias, Corrego Poney; Oxyropsis wrightianum

AMNH198452 (1 cs) Venezuela: Rio Mawarinuma; Lori-

caninae— Farlowella sp. EMNH96965 (3 cs) aquarium spec-

imens; Lamontichthys filamentosus EMNH84 1 1 1 ( 1 cs) Peru:

Rio Pachitea drainage, Rio San Alejandro; Limatulichthys

punctatus EMNH96967 (2 cs) Ecuador: Rio Tiputini; Lor-

icaria sp. EMNH96968 (1 cs) Ecuador: Rio Napo; Lorica-

riichthys labialis EMNH96969 (2 cs) Ecuador: Rio Jivino;

Contributions in Science, Number 394 Schaefer: Loricariid phylogenetics 3



Figure 2. Neurocranium. Weberian-complex centra, and sixth vertebral centrum of Hypostomus plecostomus, ventral view, anterior toward

right. The rib on the right side of V6 was removed, while only the proximal portion of that on the left side is shown. Cartilage in this and all

subsequent illustrations is shown by the dark stipple. Scale = 5.0 mm.

Loricariichthyssp. FMNH77306 (2 cs) aquarium specimens;

Rhineloricaria lanceolata FMNH96970 ( 1 cs) Ecuador; Napo
prov., Rio Napo, quebrada Basurayacu; Rhineloricaria ju-

bata FMNH93147 (2 cs) Ecuador: Rio Palenque; Sturisoma

sp. EMNH9697 1 ( 1 cs) Ecuador: Rio Jivino; Lithogeninae—

Lithogenes villosus Holotype FMNH52960 Guyana: Arua-

taima Falls; Neoplecostominae— microps

MCZ7871 (3) Brazil: Goias.

RESULTS

Osteology of Hypostomus plecostomus

Of the 16 genera presently included in the Hypostominae

(Isbriicker, 1980), the genus Hypostomus is by far the most

speciose, with over 1 20 species described. Despite its taxo-

nomic diversity, the genus is generally representative of the

morphological diversity of the family. Species of Hypostomus

are widely distributed from Panama in the north, and east

of the Andes of the Rio La Plata in the south.

Hypostomus plecostomus is restricted to coastal freshwater

and brackish water localities of Surinam and Guyana. Boese-

man (1968) provided a detailed nomenclatural history for

the species, along with mensural and meristic data on the

other Surinam species of Hypostomus. and designated a neo-

type for H. plecostomus. Boeseman noted that only the coast-

al Surinam populations correspond with the type description

of H. plecostomus {Acipenser plecostomus Linnaeus) and con-

cluded that the many non-coastal Surinam specimens in var-

ious museum collections identified as H. plecostomus are

most likely misidentified.

Neurocranium

The neurocranium (Figs. 2, 3) of Hypostomus plecostomus

is broadly triangular, very wide posteriorly at the pterotics

and medially at the lateral ethmoids, and tapers gently be-

tween the lateral ethmoid and the mesethmoid. The dorsal

elements, in addition to much of the external surface of the

body, including fin spines and rays, are ornamented with

dermal teeth, or odontodes (Bhatti, 1938; Baskin, 1972;

Howes, 1983).

The following cranial bones are absent in loricariids (Re-

gan, 1911; Fink and Fink, 1981); basisphenoid (absent in all

4 Contributions in Science, Number 394 Schaefer: Loricariid phylogenetics



Figure 3. Neurocranium of H. plecostomus. lateral view, right side. The dermal plates anterior to the palatine facet and the pterotic-

supracleithrum of the right side were removed; hatched areas depict their contact with the remainder of the neurocranium, cross-hatched

areas depict open spaces. Scale = 5.0 mm.

Ostariophysi); parietals (fused with the supraoccipital in sil-

uroids); intercalar (absent in all Siluriformes, which includes

gymnotoids); supraorbital (absent in all Siluroidei). The ho-

mology of several bones of the siluroid neurocranium have

been confused and debated in the literature (e.g., Hoedeman,

1960; Chardon, 1968; Lundberg, 1975; Fink and Fink, 1981;

Arratia and Menu Marque, 1984) and nomenclature used

herein is taken mainly from Patterson (1975) and Fink and

Fink (1981).

The mesethmoid (Figs. 2, 3; me) is relatively straight, slen-

der, and cylindrical in cross section. The most notable fea-

tures are the extreme reduction of the anterolateral cornua

typical of catfishes in general (Lundberg, 1982) and the pres-

ence of an anterior median vertical disk on the ventral sur-

face. The lateral edges of the bone are flattened anteriorly.

There is no median cleft. Lateral cornua are also greatly

reduced in astroblepids and absent in callichthyids, but pres-

ent in trichomycterids and the majority of siluroids. The
mesethmoid disk is present in astroblepids, yet reduced rel-

ative to that in loricariids. Posteriorly, the mesethmoid makes

a large V-shaped suture with the vomer ventrally and con-

tacts the lateral ethmoid dorsally.

The paired lateral ethmoid bones (Figs. 2, 3; le) are strongly

developed in loricariids. Dorsally, they are broadly expanded

where they meet the paired frontal bones and the dermal

plates of the anterior snout region. They bear distinct pos-

terolateral processes which contribute to the anterior margin

of the bony orbit. The antorbital process bears a large, con-

cave facet (Figs. 2, 3; pf) for articulation with the posterior

palatine condyle. Extending posteriorly from the anterior fac-

et on the ventral surface of the antorbital process is a low

ridge that contacts the dorsal margin of the metapterygoid.

This ridge continues posteriorly to a large ovoid condyle,

bearing a distinctly convex ventral surface (Fig. 2; mptc). The

lateral ethmoid condyle articulates with a concave facet on

the posterodorsal margin of the metapterygoid. The nasal

capsule is entirely enclosed within the lateral ethmoid in H.

plecostomus. Howes (1983) described two conditions of nasal

encapsulation in loricariids which differ by the presence of

an anterior opening. In H. plecostomus there is no anterior

opening to the capsule and the anterior rim is complete and

shallow.

The vomer (Figs. 2, 3; vo) bears a pair of anterior spikes

that suture with the mesethmoid anteriorly and a single long

posterior spike that interdigitates with a pair of complemen-

tary spikes of the parasphenoid. The vomerine lateral wings

are greatly reduced and the lateral edge sutures with the lat-

eral ethmoid.

The parasphenoid (Fig. 2; ps) extends from the basioccip-

ital to the vomer, separates the lateral ethmoids anteriorly,

and underlies the orbitosphenoid posteriorly at the midline.

In H. plecostomus the parasphenoid forms a tall median ridge

anteriorly, which is the site of origin for the adductor hyo-

mandibula. Posteriorly, the bone shares a large suture with

the basioccipital and a pair of small lateral wings that suture

to the prootic just anterior to the compound trigeminofacial

and optic foramen (Fig. 3; ftf+fop).

The orbitosphenoid bone (Figs. 2, 3; os) is concave ven-

Contributions in Science, Number 394 Schaefer: Loricariid phylogenetics 5



trally, with distinct lateral ridges typical of other catfishes.

There is a small posterior suture with the prootic and a large

suture anteriorly with the lateral ethmoid.

In loricariids, unlike the primitive situation in Diplomystes

and other catfishes, the paired prootic bones (Fig. 2; pr) con-

tribute greatly to the ventral floor of the cranium. They form

the floor of the trigeminofacial and optic foramina (Fig. 3;

ftf+fop), which are consolidated in loricariids and not sep-

arate as in some ictalurids (Lundberg, 1982), and contribute

to the side wall of the braincase posterior to the compound
foramen. There are two large foramina at the anterolateral

margin of the bone (Fig. 2; prf). These foramina are absent

in astroblepids and trichomycterids. There is a single large

foramen in callichthyids. It is unlikely that these foramina

in loricariids are homologous with the “auditory foramen”

of some characids (Weitzman, 1962) and recent clupeo-

morphs (Fink and Fink, 1981) since they are not associated

with any of the otolith capsules. Approximately midway be-

tween the facet for the hyomandibula and the most posterior

foramen, there is a single foramen for the truncus hyoman-
dibularis branch of the facial nerve (Fig. 2; VII). Posteriorly,

the prootic sutures with the basioccipital and shares syn-

chondral joints with the exoccipital and pterotic.

In H. plecostomus. the basioccipital (Fig. 2; bo) is strongly

sutured with the parasphenoid anteriorly and with the proot-

ics laterally. Lundberg (1982:39) regarded the absence of a

basioccipital suture to the prootic as the primitive siluroid

condition. In astroblepids, callichthyids, and trichomycter-

ids, the joint is synchondral. In one specimen of Tricho-

myctems sp. (FMNH 96618), superficial laminar bone ex-

tends across the joint, contrary to the presumably primitive

condition present in other loricarioids. A single pit is situated

on the midline at the posterior aspect of the bone. This pit

is absent in other loricariids.

The paired exoccipitals (Fig. 2; ex) share synchondral joints

with the basioccipital, prootic, and pterotic. The bone is

confined to the ventral portion of the braincase and does not

contribute substantially to the posterior wall as in more prim-

itive catfishes (Lundberg, 1970, 1982). The exoccipital is

fused ventrally with the mesial portion of the ossified Bau-

delot’s ligament (Fink and Fink, 1981; ossified transcapular

ligament of Lundberg, 1982) to form a vertical wall of bone

(Figs. 2, 3; bl) that extends from the basioccipital lateral to

the socket on the ventral face of the pterotic for the dorsal

process of the cleithrum (Fig. 2; cn). This shelf of bone meets

the dorsal extension of the vertical lamina of the cleithrum

for most of its length.

In H. plecostomus, the epioccipital is relatively large com-

pared to that in astroblepids and callichthyids, forms the

major portion of the posterior wall of the neurocranium, and

shares a synchondral joint with the basioccipital, pterotic,

and neural arch of the complex vertebrae. The Weberian

capsule is closely appressed onto its posterior face.

The pterosphenoid (Fig. 3; pts) is rectangular, relatively

straight, and forms a major portion of the lateral wall of the

neurocranium. It comprises the median face of the orbit,

along with the sphenotic, prootic, and orbitosphenoid.

The sphenotic (Figs. 3, 4; sp) is roughly square in dorsal

profile, with a prominent lateral spine typical of catfishes in

general. In loricariids the sphenotic bears the infraorbital

branch of the temporal sensory canal (Fig. 4; ioc) as in nearly

all non-ictalurid catfishes (Lundberg, 1982; Grande, 1987).

The sphenotic in loricariids comprises the posteromedial

margin of the orbit and bears odontodes on its dorsal surface.

Considerable debate exists in the literature as to the ho-

mology of the bones supporting the pectoral girdle at the

temporal region of the skull in catfishes (Lundberg, 1975;

Fink and Fink, 1981). According to Fink and Fink (1981),

the primitive siluroid condition, as found in Diplomystes, is

one where the supracleithrum, Baudelot’s ligament, and pos-

sibly the posttemporal are consolidated, and the plate-like

bone on the dorsolateral region of the skull roof is the ex-

trascapular. Lundberg (1975, 1982) considered the plate-like

bone to be homologous with the posttemporal, the supra-

cleithrum as the single element between the cleithrum and
the pterotic, and the posttemporal to have been lost in var-

ious catfish groups including callichthyids, astroblepids, and

loricariids. In loricariids, the ossified Baudelot’s ligament and
supracleithrum are fused to the ventromesial face of the pte-

rotic. The possibility remains that the posttemporal may also

be incorporated into this complex of bone fusions. The an-

terior union of the supracleithrum with the pterotic forms a

notch (Fig. 2; cn) which accepts the dorsal ramus of the

cleithrum (Schaefer, 1984). In loricariids, the pterotic-su-

pracleithrum is greatly expanded laterally, comprising the

major lateral portion of the head. No sutures are visible that

might identify these primitively separate elements. The pte-

rotic-supracleithrum (Fig. 2; pt-sc) forms the lateral wall of

the Weberian capsule, which is round in cross section (Fig.

3; wc). The entire bone is very cancellous, with numerous

canals passing to the external surface.

The supraoccipital in loricariids is relatively large and, in

several species of Hypostomus, is developed into one or more
large bony protuberances on the posterior midline. The dor-

sal surface is covered with odontodes. The posterior process

typical of more primitive catfishes (Lundberg, 1 982) is greatly

reduced and sutures with the neural arch of the sixth vertebra

(Figs. 3, 9A; nsV6). The supraoccipital does not participate

in the support of the dorsal fin as in more primitive catfishes

(Lundberg, 1970, 1982; Grande, 1987).

The frontal bones of H. plecostomus (Fig. 4; f) are wide,

yet short relative to the anterior prolongation of these bones

in other catfishes. The frontal does not reach the orbit in H.

plecostomus as it does in several other loricariid genera. An-

teriorly, the frontal forms the posterior margin of the nasal

capsule. There is a single small pore on the midline which

is the commonpore of the paired parietal branches. In adult

loricariids, there are no open cranial fontanelles which are

present in more primitive catfishes (Lundberg, 1970, 1982).

Infraorbital Series and Latero-Sensory Canals

The latero-sensory canal system of H. plecostomus is similar

to the generalized siluroid pattern described by Taylor (1969)

and Lundberg (1970, 1975). In Diplomystes the lateral line

canal enters the supracleithrum and passes dorsally into the
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Figure 4. Infraorbital series and portion of the latero-sensory system of H. plecostomus, left side, dorsolateral view; in relation to portion

of the dorsal skull roof and dermal plates of the lateral cheek. The nostril is shown in outline and the pathway of the latero-sensory canals is

depicted by light stipple. Scale = 4.0 mm.

pterotic, where it gives off a short, lateral branch and the

preopercular branch before continuing into the sphenotic.

The lateral line enters the pterotic-supracleithrum just an-

terior to the expanded rib on the sixth vertebra and posterior

to the cleithrum. The canal travels anteriorly and mesially,

where it gives off the posterolateral, preopercular, and tem-

poral branches.

The posterolateral branch (Fig. 4; pi) is long, corresponding

with the expanded pterotic-supracleithrum, and terminates

at the ventrolateral margin of the bone. The preopercular

branch (Fig. 4; pope) exits the pterotic at the anterolateral

margin of the bone and enters the single, plate-like supra-

preopercle (Fig. 5A; spop) before passing into the preopercle

(Fig. 5B; pope). Canal segments of adjacent elements other

than cranial bones are generally separated by short branches

terminating as pores to the skin surface. Primitively in cat-

fishes, the preopercular canal gives off four branches as it

passes into the mandible (Schaefer, 1987). In Diplomystes

the most dorsal exit is over the opercle, ventral to the hyo-

mandibular condyle. The second exit is located between the

opercle and interopercle, the third exit is over the inter-

opercle, and the fourth exit is located between the preopercle

and mandible. Among loricarioids, the preopercular canal is

reduced in trichomycterids and, in callichthyids, the canal

has three pores that share positional homology with the last

three exits in Diplomystes. The canal exits the preopercle at

two points in loricariids and astroblepids, yet does not enter

the mandible in either taxa. In H. plecostomus the canal exits

to the skin surface: ( 1 )
posterodorsally between dermal plates

of the cheek just anterior to the opercle, and (2) ventrally

between dermal plates of the lateral margin of the cheek. The
canal then enters and terminates in what appears to be a

dermal cheek plate, just mesial to the skin pore.

Anterior to the preopercular branch, the pterotic canal

passes into the sphenotic as the temporal canal at the pos-

terior margin of the bone and just dorsal to the pterotic suture

with the hyomandibula (Fig. 4; tc). Here the canal makes an

X-shaped junction with the infraorbital and supraorbital ca-

nals, forming a parietal branch which terminates as a skin

pore in the sphenotic at the median margin with the supraoc-

cipital.

The supraorbital canal enters the frontal where it gives rise

to the epiphysial branch. The canal then continues into a

dermal plate along the mesial rim of the nostril, terminating

as a skin pore. I regard this plate (Fig. 4; n) as homologous

with the nasal bone of other siluroids, contrary to Regan
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(1904), who stated that nasal bones are absent in loricariids.

The infraorbital branch exits the sphenotic at the posterior

margin of the orbit (Fig. 4; ioc). In H. plecostomus and the

majority of loricariids examined, the canal travels through

six separate platelets, three of which border the orbit (Fig. 4;

iol-io6). In primitive ostariophysans the infraorbital ele-

ments are bony plates that at least partially cover the ad-

ductor musculature of the cheek (Fink and Fink, 1981:315).

These elements are reduced to their canal-bearing portions

in primitive siluroids (Taylor, 1969). The expanded nature

of the infraorbitals in callichthyids and loricariids is regarded

as secondarily derived (Fink and Fink, 1981). Lundberg (1970:

29) stated that the number of infraorbitals among catfishes

varies from four to 1 2 and, more recently ( 1 982:40), that the

primitive number of infraorbitals for siluroids is five, assum-

ing that the dermosphenotic has fused with the autosphen-

otic. There are 5-6 separate infraorbital canal-bearing plates

among loricariids. It is uncertain whether the first infraorbital

in loricariids is homologous with the lachrimal plus antor-

bital of other catfishes (Lundberg, 1970:30), since this ele-

ment lacks anterior or posterior processes characteristic of a

siluroid lachrimal-antorbital.

Suspensorium and Mandibular Arch

The suspensorium of loricariids is comprised of hyoman-
dibular, preopercular, quadrate, and metapterygoid bones.

The palatine element, upper, and lower jaws will also be

described here. Loricariids have lost the ecto-, endo-, and

mesopterygoid bones, which are variably present in other

siluroids (see Tilak, 1963, 1965; Lundberg, 1970, 1982; Bas-

kin, 1972; Jayaram and Singh, 1984; Srinivasa Rao and

Lakshmi, 1984; Howes, 1985; Grande, 1987).

Homology of the pterygoid series in siluroids is problem-

atic. Various groups have lost one or more elements and the

remaining bones vary greatly in shape. The ectopterygoid is

reduced in siluroids (Fink and Fink, 1981). In Diplomystes

the mesopterygoid is reduced to a small plate posterior to

the palatine. In loricariids there is a single element between

the hyomandibula and the palatine. The shape of this element

conforms to the primitive condition described for the en-

dochondral portion of the metapterygoid by Fink and Fink

(1981). The bone is roughly triangular and, in loricariids and

astroblepids, sutures with the hyomandibula posteriorly and

the quadrate ventrally. Howes (1985:59) stated that work in

progress on an ontogenetic series of Corydoras (Callichthyi-

dae) suggests that the hyomandibula and metapterygoid de-

velop from a single endochondral “anlage” and therefore the

anterodorsal extension of the hyomandibula is actually the

compound hyomandibula plus metapterygoid (e.g., Arratia

and Menu Marque, 1 984). However, the possibility that these

bones may develop from the same endochondral center is

insufficient evidence alone to support this homology. This is

especially true for loricariids which, under Howes’ hypoth-

esis, would have the hyomandibula and metapterygoid fused

and the mesopterygoid expanded in the same position, rel-

ative to the hyomandibula and quadrate, as the metaptery-

goid in Diplomystes and other ostariophysans. Primitively,

the anterior margin of the hyomandibula in ostariophysans

is short relative to that in loricariids, astroblepids, tricho-

mycterids, and other unrelated catfishes including Diplo-

mystes. The anterior expansion of the hyomandibula in H.

plecostomus and the majority of loricariids bears a strong

lateral ridge which is the origin of the mesial subdivisions of

the adductor mandibulae and the insertion site of the levator

arcus palatini. It is unclear whether the presence of an an-

terior expansion of the hyomandibula is primitive or derived

for siluroids.

The hyomandibula (Fig. 5A, B; hy) is the largest single

component of the loricariid suspensorium, roughly quadri-

lateral in general outline. At the posterodorsal corner, the

cranial articulation is synchondral to the pterotic-supra-

cleithrum and the prootic and is short relative to that of more
primitive catfishes. Anterior to this synchrondral joint, a

dorsal process of the hyomandibula contacts the prootic. The
posterior margin of the hyomandibula sutures with the pte-

rotic-supracleithrum. The length of this suture varies among
loricariid genera and, in H. plecostomus, is approximately

one-fourth the length of the posterior margin. The dorsal

margin of the hyomandibula is free anterior to the dorsal

contact with the prootic. The anterior margin is sutured to

the metapterygoid, while the ventral margin is sutured to and

partially overlain by the preopercle. The posterolateral mar-

gin is slightly elevated and serves as the origin of the major

portion of the adductor mandibulae. There is a prominent,

t-shaped levator arcus palatini crest on the lateral surface of

the hyomandibula (Fig. 5A; ape) which extends from the

mandibularis foramen nearly to the metapterygoid suture.

The facial nerve enters the hyomandibula at a dorsal foramen

(outer foramen of Lundberg, 1982) which, in//, plecostomus,

is a long groove on the mesial face of the hyomandibula just

ventral to the dorsal articulation and anterior to the posterior

suture (Fig. 5B; md). The nerve exits the hyomandibula at

the mandibularis foramen situated at the junction of the arcus

palatini and adductor crests (Fig. 5A; mn). The posterior

margin of the hyomandibula is relatively straight and extends

ventrally to the cartilaginous condyle for articulation with

the opercle. The anteroventral corner of the hyomandibula

extends anteriorly as a ridge mesial to the preopercle and

sutures with the quadrate. This quadrate suture is variably

present in larger specimens of several loricariid genera.

The preopercle (Fig. 5; pop) shares a long suture with the

hyomandibula that extends from the mandibularis foramen,

across the symplectic cartilage (Lundberg, 1970), to the mid-

dle portion of the quadrate. The preopercular branch of the

latero-sensory canal system enters the preopercle just below

the mandibularis foramen and exits on the ventral margin

of the bone.

The metapterygoid (Fig. 5A; mpt) is triangular in outline.

Ventrally, it sutures to the hyomandibula and quadrate which

are separated by a large, square cartilage mass. The anterior

margin is thick, reflected mesially and supports the connec-

tive tissue sheet (Howes, 1983; Schaefer and Lauder, 1986)

that extends anteriorly to the dentary, palatine, and pre-

maxilla. The dorsal margin of the metapterygoid is special-

ized in loricariids as a pterygoid channel (Fig. 5A; ptc) that

partially encloses the ventral subdivision of the extensor ten-

taculi muscle (Howes, 1983:328). The mesial face of the
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Figure 5. Suspensorium, opercle, interhyal, and mandibular arch of H. plecostomus. A. Right side, lateral view; B. Left side, mesial view,

slightly ventral, in relation to the neurocranium. Portions of the dermal cheek plates anterior to the ventral aspect of the opercle are shown

in light outline. Scale = 3.5 mm.
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Figure 6. Upper jaw and representative tooth of H. plecostomus.

A. Right premaxilla, ventral view; B. Right premaxilla, dorsal view;

C. Representative tooth from right premaxilla of Hypostomus sp.

(FMNH 95560); D. Same tooth, dorsal view. Scale A, B = 1.5 mm,
C = 0.75 mm. D = 0.25 mm.

metapterygoid lies in a single plane, with the lateral wall of

the channel arising at an approximate 45 degree angle. The
morphology of the pterygoid channel, in particular the shape

of the lateral wall, is variable among loricariid genera. In

Hypostomus, Pterygoplichthys, and several other genera, the

channel is incomplete, extending as a low ridge posteriorly

and as a tall lateral wall situated toward the anterior portion

of the metapterygoid. The dorsal margin of the metaptery-

goid bears a concave facet at the posterior corner for artic-

ulation with the ventral condyle of the lateral ethmoid (Fig.

5A; mptf). The dorsal metapterygoid margin makes an ad-

ditional contact with the lateral ethmoid anterior to this con-

dyle and just posterior to the palatine.

The quadrate (Fig. 5A, B; q) of H. plecostomus has the

triangular shape of most catfishes (Lundberg, 1982; Grande,

1987). It has a long suture to the metapterygoid and pre-

opercle and a small suture to the hyomandibula. The shape

of the mandibular condyle is highly variable among loricariid

genera and, in H. plecostomus. the condyle is relatively small

and extends beyond the anterior margin of the metaptery-

goid.

The palatine bone (Fig. 5A; pal) in loricariids is robust,

with the elongate process posterior to the lateral ethmoid

condyle, typical of more primitive catfishes (Lundberg, 1 982;

Grande, 1987), extremely reduced to short processes that

serve as the insertion for the extensor muscles. In H. plecosto-

mus the condyle is large and roughly circular. The shape of

the palatine broadens anteriorly and terminates abruptly as

a hemispherical block of cartilage which permits articulation

of the palatine with the maxilla. In H. plecostomus and the

majority of loricariids, a thin, elongate ossified splint (Fig.

5A; pals) extends from the palatine cartilage, lateral to the

palatine, to the ventral face of the lateral ethmoid at the nasal

capsule.

The homology of the palatine splint in loricariids is prob-

lematic. In loricariids the splint is associated with the con-

nective tissue at the lateral edge of the palatine. The slightly

expanded anterior head is located lateral to the palato-max-

illary cartilage joint. In Astroblepus this element is short and

thick, and associated with connective tissue lateral to the

palatine at the terminus of the nasal canal. In Trichomycterus

the nasal canal is unossified, yet the palatal splint element

bears a distinct canal that extends (unossified) posteriorly for

a short distance. A thick posterior splint is present in addition

to the canal-bearing splint. The canal-bearing element ap-

pears to be homologous with the lachrimal (first infraorbital)

of other catfishes. Lundberg ( 1 970:30) regarded the lachrimal

as fused with the antorbital in catfishes. In the majority of

catfishes the lachrimal is trifurcate and bears a portion of the

infraorbital canal, but in Diplomystes, the posterodorsal pro-

cess is reduced or absent. In trichomycterids the infraorbital

canal is incomplete and does not extend past the orbit. The

canal-bearing palatal element is probably homologous with

the lachrimal. The secondary posterior splint of trichomyc-
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Figure 7. Right mandible of H. plecostomus. A. Ventral view; B. Anterior view; C. Medial view; D. Posterior view; E. Dorsal view.

Scale = 1.5 mm.

terids is distinct and not connected to the lachrimal, although

both elements are associated with the same connective tissue

sheet. In callichthyids the nasal canal is ossified and lies

within the nasal capsule, yet there is no lachrimal nor palatine

splint. The infraorbital canal of astroblepids does not extend

dorsally to approach the palatine splint, which does not bear

a canal. Therefore, it is unlikely that the palatal splint of

astroblepids and loricariids is homologous with the lachrimal

plus antorbital of other catfishes. I conclude that the lach-

rimal was lost in callichthyids, astroblepids, and loricariids,

and that the palatine splint represents a sesamoid ossification.

The maxilla (Fig. 5A, B; mx) in loricariids is relatively

broad and thick. There is a pair of condyles that project

mesially and articulate with the palatine cartilage. In H. ple-

costomus the shaft of the maxilla is straight relative to that

of some other loricariids (e.g.. Panague, Dolichancistrus).

The premaxillae (Figs. 5, pmx; 6 A, B) in loricariids, as-

troblepids, and callichthyids are not tightly bound to the

lateral cornua of the mesethmoid as in most other catfishes,

and thus are highly mobile (Howes, 1983; Schaefer and Lau-

der, 1986). Premaxilla shape variability among loricariid

genera is pronounced. In H. plecostomus the premaxillae are

broadly triangular, with dorsal and posterior condyles for

articulation with the palatine cartilage and dorsal and ventral

ridges for insertion of the adductor muscles. Anteriorly, the

premaxilla is distinctly cup-shaped and contains several se-

ries of replacement teeth. In the specimens of H. plecostomus

examained here there are 25-29 teeth in the emergent row.

Boeseman (1968:34) reported an average of 25 teeth in both

jaws for the coastal Surinam specimens of H. plecostomus.

Reported tooth counts of the emergent row, however, can be

highly unreliable. Emergent teeth are easily lost and their

replacements often emerge adjacent to the intact tooth.

The mandibles of catfishes are comprised of the dentary
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(Fig. 5; d) and anguloarticular bones (Fig. 5; aa). In primitive

catfishes, the dentary is usually shallow and broad at the

anguloarticular joint where it is expanded to form the cor-

onoid process for insertion of the adductor muscles (Fig. 7).

In astroblepids and loricariids, the right and left mandibles

are not tightly associated at the midline as in all other cat-

fishes (Schaefer and Lauder, 1986). The mandibles (Figs. 5,

7) are reflected medially about the long axis in loricariids

and do not extend anteriorly. The shape of the coronoid

process is greatly modified over the primitive siluroid con-

dition (e.g., Lundberg, 1982, fig. 22), robust and concave

posteriorly. The dentary is club-shaped anteriorly and formed

into a cup housing the tooth rows, similar to that of the

premaxillae. There is a long posteroventral lamina of bone

which overlies the posterior face of the anguloarticular. The
anguloarticular is roughly triangular and L-shaped in cross

section. The anterior face is flat and makes a large suture

with the dentary. A large block of cartilage is situated pos-

teroventrally between these bones.

At present, there is no available information on the ultra-

structure, composition, functional or developmental biology

of teeth in loricariids. The teeth are greatly modified and

have identical shapes in both jaws in the majority of the

hypostomine and ancistrine genera. However, variability in

tooth number and cusp morphology is enormous among lor-

icariid genera. In general, an individual tooth is distinctly

Z-shaped (Fig. 6C) and laterally compressed. In H. plecosto-

mus, the cusp is bifid with a large, rectangular major cusp,

and a small, triangular minor cusp (Fig. 6D). The shapes of

the major cusp of unworn teeth vary greatly among loricariid

genera. The teeth are rooted deep inside the cup and are

moveably attached to the basement bone via connective tis-

sue. Teeth in the replacement rows are oriented at 90 degrees

relative to the emergent teeth and those in the more posterior

rows are progressively less well developed. There are ap-

proximately 20 rows of replacement teeth in the dentary of

Hypostomus sp. (FMNH 95560).

Opercular Series

The opercle exhibits a great degree of shape variability among
loricariids. In H. plecostomiis, the opercle (Fig. 5; op) is broadly

triangular as in primitive catfishes (Lundberg, 1982:48) and

Astwblepiis. The opercular condyle for articulation with the

hyomandibula is situated dorsally rather than anteriorly as

in Diplomystes and most other catfishes. The mesial surface

bears a strong horizontal ridge for insertion of the levator

operculi muscle. Loricariids and astroblepids have appar-

ently lost the interopercle and the interoperculomandibular

ligament, invariably present in all other siluroids (Schaefer,

1987).

Hyoid and Branchial Arches

The hyoid arch of H. plecostomiis consists of paired interhyal,

posterohyal, anterohyal, branchiostegals, and hypohyal bones,

along with the unpaired urohyal. Primitively in teleosts, the

hypohyal bones consist of paired dorsal and ventral elements.

Both elements are present in Diplomystes, whereas various

catfishes, including trichomycterids, astroblepids, and lori-

cariids, have lost the dorsal element.

The interhyal (Fig. 5B; ih) of loricariids is reduced to a

small rectangular splint and is tightly associated with the

mesial face of the hyomandibula near its suture with the

preopercle.

The posterohyal element (Fig. 8A, C; ph) is broadly tri-

angular and V-shaped in cross section. It has both sutural

and synchrondral articulations with the anterohyal. Only the

head of the first branchiostegal ray is associated with the

posterohyal; the remaining three are supported by the skin

of the branchiostegal membrane. The lateral aspect of the

bone bears a slightly raised ridge and condyle for articulation

with the suspensorium. The ventroposterior margin bears a

small process for attachment of the mandibulohyoid liga-

ment.

The anterohyal bones (Fig. 8A, C; ah) are greatly expanded

anteriorly in loricariids. The anterodorsal margin is flat and

bears a large round foramen (Fig. 8A, C; fma) for passage of

the afferent mandibular artery (Bertmar, 1962; Nelson, 1967).

The junction with the hypohyal is largely or entirely syn-

chondral in H. plecostomiis. The ventral surface is also greatly

expanded posteriorly. The expansion of the anterior and ven-

tral surfaces creates a deep trough from which originate the

large hyohyoideus and geniohyoideus muscles (Schaefer and

Lauder, 1986).

The hypohyal elements (Fig. 8A, C; hh) correspond with

the ventral element present in primitive ostariophysans

(Weitzman, 1962; Baskin, 1972; Lundberg, 1982) and Dip-

lomystes. In H. plecostomiis the bone bears a large dorsal

fossa which accepts an anterior process of the urohyal.

Four branchiostegal rays are present in the majority of

loricariids (Fig. 8A, C; br). The branchial arches consist of

the basibranchials, hypobranchials, ceratobranchials, epi-

branchials, infrapharyngobranchials, and upper pharyngeal

tooth plates. In the majority of loricariids, the gill rakers

typical of other catfishes (Lundberg, 1970, 1982) are replaced

by single rows of fine, comb-shaped epithelial tissue on the

oral surface of arches one through five, in addition to a row

anterior to the first arch (Gosline, 1947).

The urohyal element (Fig. 8A, C; uh) is a large, wing-

shaped bone on the ventral midline of the hyoid arch. It

bears a large, Y-shaped ridge on the dorsal surface onto which

insert the anterior fibers of the stemohyoideus muscle, and

a pair of anterior processes which articulate with the paired

hypohyals.

Three basibranchial elements are present in the gill arches

of loricariids. The majority of the Loricariinae and some

Ancistrinae have the first two basibranchials ossified. In the

remainder of loricariids including H. plecostomus, only the

first element is ossified (Fig. 8C; bb).

Five pairs of hypobranchial elements are present in lori-

cariids. Only the first pair, associated with the first cerato-

branchials, is ossified in loricariids (Fig. 8C; hb). In H. pie-

cost omiis, the ossified element is short and compact, but in

some species of Hypostomus (e.g., H. madierae, H. emar-

ginatiis), the hypobranchials are elongate and slender.

All five pairs of ceratobranchials are ossified in loricariids

(Fig. 8C; cb). The fifth pair is expanded to form the lower
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br

Figure 8. Hyoid and branchial arches of H. plecostomus. A. Hyoid, left side, ventral view, anterior toward bottom; B. Upper epibranchial

elements, dorsal view, anterior toward top. Upper tooth plates are reflected slightly posteriorly; C. Lower gill arch and hyoid elements in

dorsal view, anterior toward bottom. Left side is incomplete, epibranchial elements removed. Scale = 1.0 mm.
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Figure 9. Anterior vertebral centra of H. plecostomus. right side, lateral view. A. Centra 6-10 in relation to the anterior dorsal fin supports

and posterior neurocranium; B. Centra 10-18. Scale = 5.0 mm.

pharyngeal tooth plates. In H. plecostomus, these bear nu-

merous small teeth on the dorsomesial edge and support a

row of modified gill rakers on the dorsal surface. The first

ceratobranchials possess a large accessory flange of bone (Fig.

8C; afcb), which projects posterolaterally from the antero-

lateral margin and is slightly expanded distally. The accessory

flange is unique to loricariids among siluroids and supports

the first row of modified gill rakers on its posterior face,

anterior to the first ceratobranchial.

The epibranchials of the first four arches are ossified and
bear distinct lateral ridges supporting the gill filaments (Fig.

8B; eb). The first epibranchial bears an anterior accessory

flange (Fig. 8B; afeb), which supports the first row of modified

gill rakers, and a posterior process which contacts an anterior

process on the second epibranchial. The accessory flange on

the first epibranchial is present among all members of the

Hypostominae and most Ancistrinae. A similar flange is pres-

ent in some species of Otocinclus (Hypoptopomatinae), al-

though of different morphology and orientation. The third

epibranchial bears a small dorsolateral process and the pos-

terior margin of the fourth is slightly expanded dorsally in

H. plecostomus.

There are two pairs of infrapharyngobranchials in loricar-

iids and the majority of siluroids, although four pairs are
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Figure 10. Caudal skeleton of H. plecostomus, right side, lateral view, including the last two pre-ural centra, procurrent rays, and proximal

portions of the principal rays. Scale = 4.0 mm.

present in Diplomystes. The infrapharyngobranchial of the

third arch is a slender rod-shaped element, while that of the

fourth is compact and roughly square in outline (Fig. 8B; ib).

The upper pharyngeal tooth plates (Fig. 8B; upj) are rough-

ly triangular in outline. The bone bears an expanded pos-

teroventral condyle and many small teeth. In H. plecostomus,

the dorsal portion of the bone is cancellous.

Weberian Apparatus and Axial Skeleton

The Weberian apparatus of siluroids has received a great

deal of attention (Tilak, 1963, 1965; Alexander, 1964, 1965;

Chardon, 1968). The apparatus in the loricarioids is greatly

specialized over the primitive siluroid condition. In the lor-

icarioids, the swimbladder is encapsulated by lateral expan-

sion of the transverse process of the Weberian-complex ver-

tebrae, which incorporates centra one through five. Centra

two through four are incorporated into the Weberian appa-

ratus. In Diplomystes and most catfishes, the first centrum is

separate from both the basioccipital and the Weberian com-
plex centra 2-4. Centrum five is also separate in Diplomystes

and other otophysans (Grande, 1987), but incorporated into

the complex centra in all other catfishes (Alexander, 1964;

Chardon, 1968; Lundberg, 1970, 1982; Baskin, 1972; Grande,

1987).

The swimbladder capsule is at least partially open laterally

in trichomycterids (Baskin, 1972) and Scoloplax, and only

partially covered by a posterior process of the fused pterotic-

supracleithrum in callichthyids. In astroblepids and most

loricariids, the capsule opening is completely covered by the

pterotic-supracleithrum. The Weberian apparatus of various

loricariids was treated in Reissner (1859), Bridge and Had-
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A

Figure 11. Median fins of H. plecostomus, right side, lateral view. A. Anal-fin rays and supports, in relation to the hemal spines; B. Dorsal

fin and supports. Scale = 6.5 mm.

don (1894), Alexander (1964), and Chardon (1968). In lor-

icariids the capsule (Fig. 3; wc) communicates with the skin

surface via the porous nature of the pterotic-supracleithrum

(posttemporal of Alexander, 1964:428, fig. 5). In H. pleco-

stomus, these pores are small relative to those of Otocinclus

and other hypoptopomatines. There is no pneumatic duct.

As in all other loricarioids, the swimbladder vessel is re-

stricted toward the mesial portion of the capsule. Baskin

(1972) reported the loss of the intercalarium, claustrum, and

transformator process of the tripus in trichomycterids, cal-

lichthyids, astroblepids, and loricariids. Alexander (1964:43 1)

reported the absence of articular and ascending processes on

the scaphium for his Plecostomus (=Hypostomus). The tripus

of H. plecostomus is slightly angled in the middle, with a

posterior arm contacting the swimbladder, and an anterior

arm joining the scaphium. The concave scaphium contacts

the sinus impar. The ligament joining the scaphium with the

tripus (ligaments three and four of Alexander, 1964:431) is

ossified in H. plecostomus.

The Weberian-complex centrum is fused to the basioccip-

ital anteriorly and sutured to the sixth centrum posteriorly

(Fig. 2; cc). Primitively in siluroids, neural and hemal spines

and parapophyses are fused to the centrum and the neural

arches of centra three and four are fused to each other and

to the complex centrum (Fink and Fink, 1981:330). In lor-

icariids this fusion also includes the fifth centrum. In H.

plecostomus these fused neural arches articulate with the su-

praoccipital dorsally and the epioccipital anteriorly. Ven-

trally, the complex centrum bears a pair of ventral processes

(Figs. 2, 3; vpcc) which contact the swimbladder capsule via

thin vertical splints. A paired extension of laminar bone

extends posteriorly across the complex centrum onto the

sixth centrum and forms the lateral walls of the aortic groove.

This posterior extension is present over centra five and six
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in several catfish groups (Chardon, 1968; Lundberg, 1970,

1982; Grande, 1987).

The sixth centrum bears a tall rectangular neural arch which

is sutured to a median ventral lamina of the supraoccipital

(Figs. 3, 9A; nsV6). A pair of large ribs share a double ar-

ticulation with the sixth centrum dorsally on the neural arch,

and ventrally at the middle portion of the centrum (Fig. 9A;

af ). Contrary to Baskin (1972:185), astroblepids do not share

with loricariids a double articulation of the sixth rib with the

centrum. In Astroblepus the articulation is direct ventrally,

but indirect dorsally via a strong ligament. The dorsal portion

of the rib is not elongate medially to approach the centrum

as in loricariids. Similarly, paratypes of Scoloplax dicra

(UMMZ 198967 cs) possess a single articulation. The rib

projects ventrolaterally to support the dermal plates. The
centrum is expanded posteriorly and bears a pair of wings

which articulate with a pair of wings on the anterior portion

of the seventh vertebra. Transverse processes are absent from

all vertebrae in astroblepids and loricariids. In H. plecosto-

mus the seventh vertebra bears an expanded anterior buttress

and a pair of anterior processes which project dorsal to the

sixth vertebra (Fig. 9A, apV7).

Total pre-ural vertebral counts, including the Weberian-

complex centra, for the specimens of H. plecostomus ex-

amined here range from 29 to 30, while counts of other

species of Hypostomus range from 30 to 32. In general, the

vertebrae are strongly ossified, with distally expanded, com-

pressed neural and hemal spines which meet the dorsal and

ventral plates of the skin surface. Most non-bifid vertebrae

possess paired fossae at the bases of the neural and hemal

spines. Neural spines are absent from centra 8-10 (Fig. 9 A),

and centrum seven has a short neural spine which articulates

with the pterygiophore supporting the defensive second dor-

sal-fin spine. The seventh and ninth centra are firmly sutured

to centrum eight, permitting little or no flexibility. Neural

arches of centra 11-18 are bifid and extend dorsally to the

dermal plates on either sides of the dorsal fin for all centra

except the 11th, which has incomplete bifid neural spines

that do not extend to the dermal plates (Fig. 9B). There are

no ventral processes on centra 6-8. Centrum nine has a pair

of ventral processes which meet at the midline over the aortic

groove. Hemal spines are present on vertebrae 10-30 and

are completely expanded along their length posterior to cen-

trum 14. In H. plecostomus there are no bifid hemal spines.

The expanded first pterygiophore of the anal fin contacts the

hemal spine of centrum 1 5 (Fig. 1 1 A). There is a strong lateral

shelf on the last pre-ural centrum (Fig. 10).

The caudal skeleton of catfishes has been discussed by

Lundberg and Baskin ( 1 969), who identified trends in hypural

fusion and shifts in location of the hypurapophyses. The

primitive siluroid condition is one with six separate hypurals

and a parhypural (Lundberg and Baskin, 1 969: 1 3). The con-

dition in loricariids is recognized as one of the most complete

in terms of hypural fusion among catfishes, where the par-

hypural is fused with hypurals one and two, the uroneural

and epural are fused with hypurals 3 + 4 + 5, and there is no

separate U2 autocentrum. Loricariids possess type C hypur-

apophyses, the predominant condition among siluroids

ads

nsV25
Figure 12. Adipose fin of H. plecostomus, right side, lateral view.

The lateral dermal plates were partially removed to expose the distal

portions of the underlying neural spines of centra 25-28. Scale =

5.0 mm.

(Lundberg and Baskin, 1969). These hypurapophyses serve

as the insertion site for the hypochordal muscles on their

dorsal surface, and the ventral flexor muscles of the caudal

rays on their ventral surface. In H. plecostomus and the ma-

jority of other members of the Hypostominae and Ancistri-

nae, the fused hypurals one and two extend posteriorly be-

yond the fused hypurals 3-5 (Fig. 1 0; hyp 1,2 + ph). Hypurals

two and three are partially separated by a notch which also

separates the dorsal and ventral caudal-fin rays. Loricariids

possess a reduced number of principal caudal-fin rays over

the primitive siluroid condition (9 + 9 in Diplomystes). The
majority of the hypostomine and ancistrine species possess

8 + 8, while some loricariines possess 7 + 7 or 6 + 6 rays. Hy-

postomus plecostomus has 5 + 5 plate-like procurrent caudal

rays (Fig. 10; per). The bases of these rays are forked and

straddle the dorsal and ventral edges of the neural and hemal

spines of the last pre-ural vertebra. The larger, more posterior

procurrent rays are slightly expanded and partially overlap

the anterior hypural elements. The anterior procurrent rays

are partially or entirely overlain by dermal plates.

Median Fins and Supports

The dorsal fin of H. plecostomus consists of one small spine-

let, one large defensive spine, and seven branched rays (Fig.

1 IB). Both spines and all soft rays possess numerous odon-

todes on their surface. Internally, the spines are supported

by the first and second pterygiophores (fused proximal and

medial radials of Weitzman, 1962) which are sutured to-

gether along their entire vertical length, and join the short

neural spine of the seventh centrum anteriorly and the an-

terior portion of the eighth centrum posteriorly (Fig. 9A).
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Figure 13. Pectoral skeleton and fin rays of H. plecostomus, anterior toward top. A. Ventral view, radial elements not shown; B. Dorsal

view. Scale = 7.0 mm.

The third pterygiophore joins the posterior portion of the

ninth centrum. There is a total of eight pterygiophores. The
first and second pterygiophores bear laterally directed trans-

verse processes which are bridged by the nuchal plate lateral

to the first spine (Fig. 1 IB; np). The spines pivot over dorsal

knobs that are formed by fusion of the middle and proximal

radials (Lundberg, 1982). The first spinelet (Fig. 1 IB; spl) is

V-shaped and has a thick ligamentous connection with the

second spine (Fig. 1 IB; sp2). The ventral arms of the first

spinelet slide under the transverse arms of the nuchal plate,

forming the mechanical basis of the locking mechanism of

the second, defensive spine (Alexander, 1965). The first

spinelet is variably reduced or lost in several loricariid genera,

with corresponding loss of the locking mechanism. In H.

plecostomus there is no separate supraneural, which perhaps

is fused with the first pterygiophore (Fig. 9 A; pl+sn). In

siluriforms there are no separate medial radial ossifications

(Fink and Fink, 198i). There are no separate distal radials

associated with the spines. In H. plecostomus, the distal ra-

dials of the seven soft rays are entirely ossified (Fig. 1 IB; dr).

Transverse processes are present on the first four proximal

radials (Fig. 1 IB; prx). The last bears a pair of elongate pos-

terior processes.

The anal fin of H. plecostomus consists of one slightly

enlarged ossified ray and four soft rays (Fig. 1 lA). These are

supported by four pterygiophores, each consisting of fused

proximal and medial radials, and separate distal radials. The

pterygiophores are strongly attached to one another ventrally

and all but the second bear laterally expanded transverse

processes which meet the dermal plates of the ventral surface

(Fig. 1 1 A; tvpr). The first pterygiophore is elongate anteriorly

and contacts the hemal spine of the 1 5th centrum. The last

pterygiophore bears a pair of posterior processes. In H. ple-

costomus the first two anal-fin rays are unbranched.
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The leading edge of the adipose fin is ossified in loricariids.

A single median pre-adipose scute is also present (Fig. 12;

pas). In H. plecostomus the adipose spinelet is situated over

the 25th pre-ural vertebra and is straight relative to that in

other loricariids (Fig. 12; ads). There are numerous large

odontodes over the anterior margin. The remainder of the

fin consists of skin that extends posteriorly over three plates

from the base of the spinelet.

Pectoral Skeleton

The loricariid pectoral girdle is strongly reinforced over the

primitive siluroid condition (Schaefer, 1 984). In siluroids the

pectoral girdle consists of the fused scapula, coracoid, and

mesocoracoid (scapulocoracoid of Lundberg, 1970) tightly

associated with the cleithrum. The first pectoral-fin element

is produced and co-ossified as a large defensive spine. In

loricariids there are 6-7, rarely five branched rays in addition

to the spine (eight branched rays in the single known spec-

imen of Lithogenes villosus). In H. plecostomus there are six

branched rays supported by a single disk-shaped primary

radial and two rod-like secondary radials (Fig. 1 3B, pfr).

The cleithrum (Fig. 13A, B; cl) has a long vertical limb

which articulates with a notch on the ventral surface of the

pterotic-supracleithrum, and an expanded groove at the junc-

tion of the vertical and horizontal limbs. The spine bears a

greatly expanded dorsal flange which slides in the cleithral

groove, forming the primary mechanical basis of the friction

locking mechanism typical of catfishes (Alexander, 1965;

Schaefer, 1984). The anterior margin of the horizontal limb

is straight and has a broad contact with that of the opposite

side at the midline. A thin shelf of bone extends vertically

from the floor of the horizontal limb. This vertical lamina

joins the vertical limb to form the posterior wall of the oper-

cular chamber. The posterior process is well developed. There

are no postcleithra in catfishes (Lundberg, 1970:50) and in

loricariids the posttemporal is either lost (Lundberg, 1975)

or fused with the pterotic-supracleithrum (Fink and Fink,

1981).

The horizontal limb of the coracoid (Fig. 1 3A, B; co) makes

a large suture with its fellow at the midline, posterior to the

cleithral union, and forms the floor of a large, ovoid abductor

fossa (Fig. 1 3 A; abf ) for origin of the abductor muscles of

the spine. A ridge on the posterior face separates the fibers

of the abductor and adductor muscles of the soft rays.

Pelvic Skeleton

The pelvic girdle of loricariids consists of paired basipterygia,

lateropterygia (Shelden, 1937), and six pelvic-fin rays. In H.

plecostomus the first ray is thick, unbranched, and bears nu-

merous large odontodes. The remaining rays are branched

and bear many small odontodes along their dorsal and ven-

tral edges. The basipterygia (Fig. 14A, B; bpt) each possess

a pair of anterior processes, one internally at the midline and

the other a large lateral process bearing a strong ridge on its

ventral surface. The large lateral processes extend toward the

midline, but do not meet. The basipterygia are sutured in

two locations at the midline and separated by an anterior

I

"

1

Figure 14. Pelvic skeleton of //. plecostomus, fin rays and latero-

pterygium of right side removed. A. Dorsal view; B. Ventral view.

Scale = 3.5 mm.

round cartilage foramen and a posterior rectangular opening.

Small lateral processes are present mesial to the lateropte-

rygium. The ischiac processes of the basipterygia are broad

plates with thickened lateral edges. The lateropterygia (Fig.

14A, B; Ipt) are thin rod-shaped splints with slightly ex-

panded bases. The are no pelvic radials in siluroids (Lund-

berg, 1970).

Phylogenetic Analysis of the

Loricariid Subfamilies

Tree Topology

One tree of 54 steps (Consistency Index = 0.844; Kluge and

Farris, 1969) was generated by the ALLTREES (Swoflbrd,

1986) routine of the program. The consistency index of 0.844
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indicates that approximately 16% of the character-state

changes required by this particular tree topology represent

reversal or convergence (homoplasy).

Three monophyletic subgroups within the Loricariidae were

identified (Fig. 1 5). Four uniquely derived character-state

changes define the Ancistrinae as monophyletic. These in-

volve modifications to the opercle and dermal plates of the

lateral margin of the cheek. Eight uniquely derived characters

diagnose the Ancistrinae plus Hypostominae as monophy-
letic. No characters were found which diagnose the hypo-

stomine genera exclusive of the Ancistrinae. Nine unique

autapomorphies were found which diagnose the Loricariinae.

These involve modifications to the vertebrae, caudal skele-

ton, dorsal and pectoral fins. Four derived character-state

changes were assigned to the lineage comprising the Ancis-

trinae, Hypostominae, and Loricariinae, however only three

of these are uniquely shared between these taxa. Members
of this lineage share 30 or more pre-ural centra and a ventrally

exposed pectoral abductor fossa, with passage of the arrector

ventralis muscle that is at least partially exposed laterally.

However, it was not possible to determine whether these

shared states represent the derived or ancestral condition for

these unpolarized characters (see below). Eight character-

state changes diagnose the Hypoptopomatinae, including three

that are uniquely derived. Sixteen uniquely derived states

are shared between hypoptopomatines, loricariines, and hy-

postomines plus ancistrines. Although the conditions of most

of these states in the other loricariid subfamilies (Lithogen-

inae, Neoplecostominae) is unknown at present, these char-

acters are here regarded as provisional synapomorphies unit-

ing the former taxa in a natural group (to be discussed below).

Characters

The evidence supporting the hypothesis of relationships

among loricariid subfamilies is discussed below. The derived

states mapped onto the cladogram of Figure 1 5 are of three

types: ( 1 ) uniquely derived and present in all members of the

clade, (2) present in some but not all members of the clade,

and (3) homoplastic, representing convergent derived states

shared between lineages, or reversal from a derived to a more

ancestral state. Types 2 and 3 are not necessarily mutually

exclusive, since homoplasious states may be present in only

some members of the clade.

Characters are presented in an anteroposterior sequence

and listed in Table 1. For each character, the general de-

scription and the primitive state are given first, followed by

description and distribution of derived states. All characters

were coded as ordered unless otherwise noted. For each or-

dered, multistate character, the hypothesis of evolutionary

transformation is presented and discussed.

1. In loricariids the dorsal margin of the metapterygoid

contacts the lateral ethmoid. There is no contact in Astro-

blepus, Corydoms, or any other siluroid (state 0). In some

members of the Hypoptopomatinae and some Loricariinae,

contact is limited to the posterior metapterygoid margin (state

1). In members of the Hypostominae and Ancistrinae, the

contact is double (state 2), with an additional anterior contact
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Figure 15. Phylogeny of the loricariid subfamilies, exclusive of the Lithogeninae and Neoplecostominae (C.I. = 0.844, length = 54 steps),

including the two outgroup taxa in the analysis. Branch lengths are drawn proportional to the number of character-state changes that support

each lineage. Uniquely derived character-states are mapped onto the tree topology as closed rectangles, open symbols represent states present

in only some members of the clade. Homoplastic states are indicated as C (convergent) and R (reversal), respectively. Numbers correspond

with the character-state sequence presented in the text.
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Figure 16. Right opercle, mesial view. A. Cochliodon cochliodon

CAS 5103; B. Peckoltia niveata CAS 6531; C. Ancistrus ciirhosus

UMMZ206085. Scale = 3.5 mm.

posterior to the palatine condyle. In other Hypoptopomati-

nae and Loricariinae the contact involves the entire dorsal

margin of the metapterygoid (state 3). This condition is also

found in Exastilithoxus among the Ancistrinae. The hypoth-

esis of transformation among states used here assumes pro-

gressive increase in the amount of metapterygoid contact

with the lateral ethmoid, with complete contact being most

derived. The occurrence of state 3 in the small minority of

hypoptopomatine, loricariine, and ancistrine representatives

examined are provisionally considered to be independent

derivations, pending further study of additional material.

2.

In some loricariids the posterior margin of the hyo-

mandibula sutures with the pterotic-supracleithrum poste-

rior to its cartilaginous articulation with the neurocranium.

In all other siluroids, the hyomandibula contacts the neu-

rocranium via the cartilaginous condyle only (state 0). Among
loricariids, sutural contact involving at least part of the pos-

terior hyomandibular margin (state 1) is synapomorphic for

members of the Hypostominae and Ancistrinae, and is also

found in some Hypoptopomatinae.

3. In loricariids the supracleithrum is fused with the pte-

rotic. In Astroblepus these bones are separate and the anterior

margin of the pterotic is straight and unspecialized (state 0).

The condition in callichthyids is not comparable and, there-

fore, coded as missing (‘?,’ Table 1). In loricariines and most
hypoptopomatines the anterior pterotic-supracleithrum mar-

gin does not suture with the hyomandibula (see character 2).

The contact with the hyomandibula is generally straight and
placed well forward of the junction of the ossified Baudelot’s

ligament to the notch for articulation with the dorsal clei-

thrum process. In these taxa the contact with the hyoman-
dibula is shallow and located toward the lateral aspect of the

bone (state 1). In hypostomines, ancistrines, and some hy-

poptopomatines, the contact with the hyomandibula is bridged

ventrally for some distance from the lateral aspect, forming

a distinct chamber or channel through which pass the dila-

tator and levator operculi muscles (state 2).

4. In astroblepids, callichthyids, and the majority of lori-

cariids the preopercle is a broad element firmly sutured to

the hyomandibula (state 0). In some hypoptopomatines, the

preopercle is reduced and its position relative to the hyo-

mandibula is anteroventral (state 1 ).

5. The shape and positional relations of the operculum

vary greatly among loricariids. In astroblepids, callichthyids,

and most primitive catfishes including the oper-

cle is broad and roughly triangular in outline (state 0). Among
loricariids the primitive state is also found among all hy-

postomines, loricariines, and hypoptopomatines (Fig. 16A).

Among the Ancistrinae, two states are present (state 1). The
opercle is relatively straight and the posterolateral shelf is

reduced in Pseudacanthicus, Panague, Peckoltia, Pseudan-

cistrus, and Parancistnis (Fig. 16B). In other ancistrines, the

opercle has the slender anterior extension, with an expanded

posterolateral shelf (Fig. 16C).

6. Loricariids possess one or more dermal plates between

the opercle and the canal-bearing plate at the ventral margin

of the preopercle. In callichthyids there is no latero-sensory

canal involvement with the lateral cheek plates and astro-

blepids lack dermal plates entirely (state 0). In all Loricariinae

and most Hypoptopomatinae, there is a single plate between

the opercle and the canal-bearing plate (state 1). In all Hy-

postominae and Ancistrinae there are at least two plates (state

2). In the Ancistrinae these plates are further modified and

incorporated into a mass of connective tissue (state 3). The
derived states for this character are all found within the Lor-

icariidae and, in the absence of developmental or other evi-

dence, there is little information with which to make polarity

decisions. Therefore, this character was coded as unordered.

7. In the majority of loricariids the anteroventral margin

of the opercular opening is bordered by the dermal plates of

the lateral margin of the cheek (state 1). These plates extend

dorsally to partially overlap the ventral comer of the opercle.

The plates are displaced laterally when the opercle is ab-

ducted, however lateral and anteroposterior rotations of the

opercle are constrained by skin and connective tissue. As-

troblepids and callichthyids lack this morphology (state 0).
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Figure 17. Second (defensive) dorsal-fin spine and first branched ray, in relation to the supporting proximal radial. A, B. Loricariichthys sp.

FMNH77306, lateral and dorsal views, respectively; C, D. Pterygoplichthys sp. FMNH96962, lateral and dorsal views, respectively, first

dorsal-fin spine removed. Scale = 5.0 mm.

In all members of the Ancistrinae the lateral cheek plates

have become further fragmented and imbedded in connective

tissue at the ventral margin of the opercle (state 2).

8. In members of the Ancistrinae the cheek odontodes are

enlarged and elongate (state 1). Their supporting base plates

are variable in size and number. The odontode mass artic-

ulates with the suspensorium via the canal-bearing plate. All

other loricariids lack this articulation and the enlarged cheek

odontodes (state 0). Odontodes are unique to loricarioids and

enlarged odontodes are also found on the opercle and inter-

opercle of trichomycterids.

9. In all members of the Hypostominae and Ancistrinae

the first epibranchial bears an anterior accessory flange of

bone which provides support for the first row of modified

gill rakers anterior to the first arch (state 1 ; Fig. 8B). All other

siluroids lack the accessory epibranchial flange (state 0). An
accessory flange is also present msome species of Otocinclus,

however the morphology of this structure is quite different,

with an elongate shaft, reduced in size relative to the bran-

chial elements, and considered to be independently derived

or perhaps not homologous to the flange in hypostomines

and ancistrines.

10.

In siluroids the second, defensive dorsal-fin spine ar-

ticulates on a dorsal condyle of the second pterygiophore
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Figure 18. Passage of the arrector ventralis muscle in relation to

the pectoral skeleton and fin spine, right side, ventral view. A. Hy-

postomus plecostomus RMNH25463; B. Rhineloricaria lanceolata

FMNH96970; C. Hypoptopoma sp. FMNH96963. Scale = 3.5 mm.

(proximal radial of Weitzman, 1962). The dorsal condyle of

the first two dorsal-fin pterygiophores represents fusion of

the proximal and medial radials (Lundberg, 1970). Astro-

blepus, Corydoras, and the majority of loricariids share the

primitive morphology (state 0; Fig. 1 7C, D). In the Lorica-

riinae the defensive spine articulates with the pterygiophore

via a chain-link structure (state 1; Fig. 1 7A, B). The articular

condyle has developed an anterior strut which connects with

the main body of the pterygiophore, thus forming a dorsal

loop. The lateroventral processes of the defensive spine base

are produced ventrally, pass through the pterygiophore loop,

and meet at the midline forming a second loop. The defensive

spine cannot be removed from the pterygiophore without

breakage of one of these loops. Fusion of the lateroventral

processes of the dorsal-fin spine is apparently the primitive

siluroid condition. The chain-link structure is found in sev-

eral other, non-loricarioid catfishes, such as doradids and

pimelodids (Lundberg, pers. comm.).

1 1 . Loricariids share with astroblepids and many other

siluroids the presence of bifid neural spines (Fig. 9). All other

loricarioids lack bifid spines (state 0). In Astroblepus there

are 3-4 bifid neural spines (state 1 ). In the hypoptopomatines

there are 5-7 bifid spines (state 2). All other loricariids share

eight or more bifid neural spines (state 3). It was proposed

that this character evolved by successive increase in the num-
ber of bifid neural spines, with eight or more spines being

most derived.

1 2. In Astroblepus there are less than 30 pre-ural vertebral

centra, while callichthyids generally have less than 26 (state

0), a condition shared with hypoptopomatines. All other lor-

icariids have 30 or more pre-ural centra (state 1 ). Loricariines

share the highest vertebral counts (33-37; state 2). Increased

numbers of vertebrae are considered derived.

13. In callichthyids, astroblepids, and the majority of lor-

icariids the vertebral centra are short (state 0) compared with

the elongate morphology (state 1 ) in all loricariines.

14. The posteroventral process of the proximal portion of

the pectoral-fin spine in loricariines is elongate (state 1 ) com-

pared with the condition in callichthyids, astroblepids, and

all other loricariids (state 0).

15. In loricariids the pectoral girdle is strongly reinforced

relative to the primitive siluroid morphology (Schaefer, 1984).

In the majority of loricariids, the abductor fossae are exposed

ventrally and the ventral surface of the girdle is covered by

skin or dermal plates (state 0). In members of the Hypo-

ptopomatinae, the fossae are bridged ventrally by a shelf of

bone formed by anterior and posterior extensions of the cor-

acoids and cleithra, and the ventral surface of the girdle is

largely exposed (state 1).

16. In loricariids the lateral margin of the abductor fossa

is formed by a posterior process of the cleithrum which meets

an anterior process of the coracoid. Fibers of the arrector

ventralis muscle pass ventral to this strut (state 0; Fig. 18 A).

In the loricariines there is an additional bony strut formed

by an anterior projection of the coracoid which makes only

partial contact with the cleithrum. Mesially, fibers of the

arrector ventralis muscle pass dorsal to this strut (state 1;

Fig. 1 8B). In the hypoptopomatines the abductor fossae are

bridged ventrally (see character 1 5) and fibers of the arrector

ventralis are exposed only laterally (state 2; Fig. 18C). Vari-

ations in this character are unique to loricariids and, there-

fore, this character was coded as unordered.

Two alternative character-state distributions were revealed

in the numerical analysis. These alternatives were both equal-
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ly possible and differ from the arrangement in Figure 1 5 in

the representations of state 2 as autapomorphic for hypo-

ptopomatines, and state 1 as autapomorphic for loricariines,

respectively. Given the absence of information for making

an hypothesis of evolutionary transformation, the distribu-

tion of these states on the tree remains equivocal.

1 7. In astroblepids the first anal-fin pterygiophore articu-

lates with the vertebral column on the 1 8th or more posterior

centrum and on centra 1 7- 1 9 in callichthyids (state 0). Among
hypostomines and ancistrines, the articulation is on centra

14-17 (state 1) and on centrum 13 (state 2) in hypoptopo-

matines and loricariines. Because of the more posterior ar-

ticulation in callichthyids and astroblepids, it was hypothe-

sized that this character evolved by progressive anterior shifts

in loricariids, with contact on VI 3 most derived. However,

under this particular hypothesis of polarity, there is a reversal

from state 2 to state 1 in the lineage leading to hypostomines

and ancistrines (Fig. 15).

18. In members of the Hypoptopomatinae and Loricari-

inae the dermal plates posterior to the anus make contact at

the midline. Astroblepuslack^, dermal scutation (state 0). The

morphology of dermal scutation in callichthyids is quite dif-

ferent from that in loricariids, with two rather than three or

more series of overlapping plates along the body, suggesting

that the types of scutation in callichthyids and loricariids are

non-homologous. In loricariines, the first plate is expanded

and the contact is via a broad suture (state 1; Fig. 19C).

Contact of the second plates at the midline is absent in all

loricariines except Limatulichthys. In hypoptopomatines the

first two or more plates posterior to the anus make contact

at the midline (state 2; Fig. 19B). In all other loricariids there

is no contact of any postanal plates (state 3; Fig. 19A). Vari-

ations in this character occur entirely within the Loricariidae

and, therefore, this character was coded as unordered.

19. The caudal peduncle is round and nearly circular in

astroblepids, callichthyids, and a number of loricariids (state

0). In most Loricariinae, the peduncle is greatly depressed

(state 1).

20. Loricariids share a unique pattern of dermal scutation

at the base of the caudal fin. Several horizontal supracaudal

dermal plates extend posteriorly from the last row of plates

on the caudal peduncle. Astroblepids lack dermal scutation

and callichthyids lack these horizontal supracaudal plates

(state 0). In most loricariids the supracaudal plates are not

elongate (state 1), relative to the greatly elongate condition

in members of the Loricariinae (state 2).

21. In astroblepids, callichthyids, and most primitive sil-

uroids, the posterior margins of the hypural elements of the

caudal skeleton are flush and not differentially extended (state

0). In loricariids and several unrelated catfishes, the hypural

elements are fused (Lundberg and Baskin, 1969). Among
loricariids, members of the Hypoptopomatinae, Kronichthys,

Pogonopomoides, and Pseudorinelepis of the Hypostominae,

along with Exastilithoxus of the Ancistrinae share the prim-

itive flush extension of fused hypurals 1-2 relative to that of

fused hypurals 3-5 (Fig. 20A). In the Loricariinae the hy-

purals are shortened, with a V-shaped morphology (state 2;

Fig. 20C). In all other loricariids, the posterior margin of

Figure 19. Pattern of dermal scutation posterior to anus, ventral

view, anterior toward left. Numbers correspond to hypothesized

homologous elements. A. Hypostomus sp. FMNH95560; B, Hy-

poptopoma sp. FMNH96963; C. Sturisoma sp. FMNH96971.

Scale = 5.0 mm.

hypurals 1-2 extends beyond the posterior margin of hy-

purals 3-5 (state 1; Fig. 20B). Variations in this character

occur entirely within the Loricariidae and, therefore, this

character was coded as unordered.
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Figure 20. Caudal-tin skeleton, right side, lateral view. A. Exastilithoxus fimbriatus AMNH56097; B. Dolichancistrus cobrensis UMMZ
141941; C. Limatulichthys punctatiis FMNH96961

.

Scale = 5.0 mm.

22. In callichthyids and astroblepids there are generally

nine or more branched pectoral-hn rays (state 0). Lithogenes

is unique among loricariids in having eight branched rays

(state 1 ). All other loricariids share 5-7 branched pectoral-

hn rays (state 2). It was proposed that reduced numbers of

pectoral-hn rays are most derived.

23. Astroblepids share with loricariids the highly mobile

premaxillae which articulate with the neurocranium via a

mesethmoid disk. A conspicuous mesethmoid disk is absent

(state 0) in all other siluroids, including Chiloglanis (Mo-

chokidae), which share convergent jaw and sucking-disk lip

morphologies. The mesethmoid disk oi Astroblepus is small

(state 1 ) compared with the expanded morphology of lori-

cariids (state 2). It was proposed that the expanded mor-

phology is derived relative to the condition in astroblepids.

24. Several loricarioids possess a “connecting bone” (Bai-

ley and Baskin, 1976) between the transverse process of the

second dorsal-hn proximal radial element and the distal por-

tion of the rib on the sixth centrum. In callichthyids the

connecting bone, if present, is indistinct from the lateral scu-

tation (state 0) and is perhaps unossihed. In Astwblepus the

bone is slender and rod shaped (state 1). All other loricariids

share a robust, flattened connecting bone (state 2). Because

It was not possible to determine which of the two states

present in astroblepids plus loricariids is most derived, this

character was coded as unordered.

25. The palatine of callichthyids and astroblepids is short

(state 0) relative to the slender, elongate morphology (state

1 ) found in all loricariids.

26. The second of two secondary pectoral-fin radials in

Astroblepus. callichthyids, and Nematogenys is distally ex-

panded (state 0) relative to the slender morphology (state 1)

m all loricariids.

27. Loricariids possess a diversity of tooth cusp mor-

phologies, with the majority having asymmetrically bifid cusps

(state 2). In callichthyids and the vast majority of siluroids

the teeth are simple, conical structures (state 0), similar in

gross morphology to the loricarioid odontodes. In astroblep-

ids the teeth are symmetrically bifid and pointed (state 1).

Asymmetrically bifid teeth are considered derived, relative

to the symmetrically bifid teeth of astroblepids.

28. All loricariids share an expanded anterior margin of

the anterohyal (state 1), which provides an expanded inser-

tion area for the geniohyoideus muscle (Schaefer and Lauder,

1 986). All other siluroids lack this expanded anterohyal (state

0 ).

29. Astroblepids share with hypoptopomatines and lori-

cariines the presence of bifid hemal spines (state 1). Callich-

thyids, loricariids, and the vast majority of siluroids possess

straight, non-bifid hemal spines (state 0). The distribution of

these states (Fig. 15) indicates an apparent reversal from

derived state 1 in astroblepids, hypoptopomatines, and lor-

icariines to state 0 in hypostomines and ancistrines.

30. Astroblepids and loricariids share presence of the lat-

eropterygium element (Shelden, 1937) of the pelvic girdle.

All other siluroids lack this structure (state 0). In astroblepids

the lateropterygium is proximally disk-shaped (state 1). The

loricariids the lateropterygium is straight and slender (state

2). Presence of the lateropterygium was considered derived,

but It was not possible to determine which of the two mor-

phologies is most derived and, therefore, this character was

coded as unordered.

DISCUSSION

At present, there is no evidence that the taxa included in the

Hypostominae of Isbriicker (1980) form a natural group.

Members of the Hypostominae, including H. plecostomus,

share a number of characters considered plesiomorphic for

the family. In addition, I have found no derived characters

that can be used to uniquely define Hypostomus. Thus, the

present osteological description of H. plecostomus is of crit-

ical importance as a guideline for an expanded, comprehen-
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sive osteological definition of the family, revision of the genus

Hypostomus, and a basis for determining character-state po-

larities in future phylogenetic studies.

Regan (1904, 1911) mentioned several osteological char-

acters that he considered diagnostic for the Loricariidae.

However, this work predates Hennigian phylogenetic meth-

odology and several of these characters are shared with more
primitive catfishes. These primitive characters include the

reduced maxilla, presence of a mesocoracoid, absence of the

symplectic and subopercle, and fusion of the supraoccipital

and parietal. Other characters, such as loss of the posttem-

poral and presence of an expanded rib on the sixth centrum,

are not primitive for siluroids, but nevertheless are present

in other catfishes. Regan considered astroblepids as a lori-

cariid subfamily (Argiinae) and the absence of parapophyses,

sessile ribs, and compressed vertebrae to be characters “which

warrant their [Loricariidae including Argiinae] separation as

a distinct family.” He cited several characters that separate

the loricariid subfamilies, although no comparison was made
to states in other unrelated catfishes. Gosline (1947:79) rec-

ognized the difficulty in determining phylogenetic relation-

ships at various levels within the family because of confusion

about character variation and polarity. Similarly, Gosline

made no comparison to states in outgroup catfishes and no

apparent distinction was made between primitive and de-

rived states.

The following derived characters uniquely define the Lor-

icariidae, exclusive of the Astroblepidae:

(1) Dorsal margin of the metapterygoid contacting the lat-

eral ethmoid. This character was first noted by Regan (1911).

There is no contact of these bones in astroblepids, cal-

lichthyids, or trichomycterids. The metapterygoid is variably

reduced in callichthyids, trichomycterids, and several unre-

lated catfishes. In members of the Hypoptopomatinae and

Loricariinae the antorbital process of the lateral ethmoid

bears a tall ventral ridge which contacts the dorsal metap-

terygoid margin. In some taxa the contact is via a suture

along the entire dorsal metapterygoid margin. The expanded

convex condyle of the lateral ethmoid is synapomorphic for

the Hypostominae plus Ancistrinae.

(2) Presence, at least primitively, of a metapterygoid chan-

nel. This structure serves to partially enclose the fibers of the

ventral subdivision of the extensor tentaculi muscle against

the ventral floor of the neurocranium (Howes, 1983; Schaefer

and Lauder, 1986). Several loricariine species have second-

arily lost this channel.

(3) Presence of a canal plate formed by incorporation of

the ventral branch of the preopercular latero-sensory canal

with a dermal cheek plate.

(4) Gill rakers modified as rows of fine, comb-shaped ep-

ithelial structures on the oral surface of the gill basket, in-

cluding the accessory flange of the first ceratobranchial (when

present) and the lower pharyngeal jaws (fifth ceratobranchi-

als). In view of the large number of other corroborating char-

acters, it is thought that the few loricariid species (i.e., Ex-

astilithoxus fimbriatus, some Loricariinae) which possess gill

rakers similar to those found in more primitive catfishes

represent examples of secondary reversal.

(5) Presence, at least primitively, of an accessory flange on

the first ceratobranchial supporting the first row of modified

gill rakers. Exastilithoxus lacks both the accessory flange and

modified gill rakers.

(6) Anterior margin of the anterohyal expanded, increasing

the insertion area for the hyohyoideus and geniohyoideus

muscles.

(7) Pterotic fused with supracleithrum, expanded poste-

riorly to completely cover the lateral opening of the Weberian

capsule, and reflected ventrally.

(8) Presence, at least primitively, of flattened (spatulate)

expanded transverse processes on at least the third anal-fin

pterygiophore (proximal radial), and frequently subsequent

posterior pterygiophores as well. Callichthyids also possess

transverse processes on the anal-fin pterygiophores, but these

are blunt and laterally rounded.

(9) Expanded rib on the sixth vertebral centrum with a

double articulation to a concave facet on the centrum ven-

trally and to the neural spine dorsally.

(10) Body totally or partially encased by three or more

rows of overlapping dermal plates bearing integumentary

teeth (odontodes). In the single known specimen of Litho-

genes villosiis the plates are reduced in size and extent and

are restricted to the caudal peduncle. Callichthyids also pos-

sess dermal armor, but never in more than two rows on the

body. Scoloplax dicra (Scoloplacidae) has two rows of plates

with broad naked areas between them.

Several characters found among loricariids have been men-

tioned by other authors as definitive. The expanded, com-

pressed caudal vertebrae were identified by Regan (1904) as

diagnostic of loricariids. This reference applies more pre-

cisely to the nature of the expansion of the neural and hemal

spines and not to the vertebral centra per se. In Astroblepiis

the neural and hemal spines are expanded and compressed,

but are widely separate from one another along their length,

unlike the condition in loricariids. However, the condition

in loricariids is not unique since some amphillids (i.e., Phrac-

tura scaphrorhynchitra, FMNH55350) and other, non-lori-

carioid groups (Lundberg, pers. comm.), also possess ex-

panded bifid neural and hemal spines on the pre-ural

vertebrae. Absence of parapophyses and presence of the ex-

panded rib on the sixth centrum are also not unique to lor-

icariids. Coracoids sutured at the midline (Regan, 1911) also

occurs among callichthyids. Presence or absence of teeth on

the pharyngeal jaws was used by Gosline (1947) to separate

loricariid subfamilies. There is great variation in the nature

of the pharyngeal teeth among loricariids, and these are often

reduced to very small odontodes, but I have never observed

the complete absence of pharyngeal teeth in any loricariid

alizarin specimen.

In addition to the osteological characters, Howes (1983)

identified several characters of the cranial muscles which, for

the most part, corroborate the cladistic hypothesis of rela-

tionship for the loricarioids (Baskin, 1972). Additional evi-

dence from a functional analysis of the cranial muscles

(Schaefer and Lauder, 1986) further diagnoses the Loricari-

idae: (11) intermandibular cartilage plug with direct attach-

ment to the hyoid arch, (12) presence of a novel adductor
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